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Received 10 June 2005; accepted 13 June 2005AbstractThe article evaluates the water quality in rural areas in the Czech part of Labe River catchment using the example of
Slapanka River catchment. This river drains a typical landscape of Ceskomoravska Highland. Water quality in rural
areas is still very low and the attention is paid to organic substances and nutrients. Increased amount of them in
streams is caused mainly by agriculture and production of municipal wastewater resulting in increased eutrophication.
A signiﬁcant part of the article consists in the evaluation of point and non-point sources of water pollution. Identifying
the type of the pollution source is helped by regression analysis using data from the public monitoring network. Eleven
sampling sites were selected for evaluating the water quality. Physical and chemical analyses were made 12 times during
the ﬁeld monitoring in the years 2001–2003.
In long-term development water quality has improved in all monitored parameters during the last 15 years. Least
signiﬁcant improvement has been found with the concentration of nitrate nitrogen. The water quality within the whole
catchment area still remains low.
To reduce the inﬂuence of pollution sources, we recommend the sanitation of diffuse sources of pollution from small
settlements with less than 2000 inhabitants, and a successive change from agricultural management and intensive mass
production to extensive ways, especially in mountain and sub-mountain areas.
r 2005 Elsevier GmbH. All rights reserved.
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Previous research on water quality during the 90s has
been carried out mainly on big rivers (Jansky´, 2002;
Langhammer, 2004), the quality of which have been
partly improved by constructing and reconstructing
wastewater treatment plants and by restricting some
agricultural activities. The quality of small rivers,e front matter r 2005 Elsevier GmbH. All rights reserved.
no.2005.06.003
ing author. Tel.: +420 221 951 350.
ess: Jansky@natur.cuni.cz (B. Jansky´).running through rural areas, which is still very low,
has not been properly evaluated. Although after 1989
the intensity of agricultural production, especially the
amount of fertilizers, was reduced, the concentration of
pollutants produced by agriculture is still very high
(Jansky´, 2000). Also small settlements – point polluting
sources – still worsen the poor quality of surface water.
The water quality will probably not improve or will
worsen because the Czech government asked for an
exception from EU Council Directive 91/271/EEC
concerning urban wastewater treatment. The term day
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wastewater treatment for agglomerations between 2000
and 10,000 PE and for the introduction of more
stringent levels of treatment required for wastewater
treatment plants in sensitive areas. The Czech Republic
requests a transitional period until 31 December 2010
(Table 1).
Stream ﬂow is an important indicator of anthropo-
genic activities. No matter whether it concerns agricul-
ture, animal breeding, industry, or human subsistence,
this activity always affects water quality. It is evident
that the water quality improved following economic
changes after 1989 (Jansky´, 2002; Langhammer, 2004).
This trend however has not affected water quality
improvement in rural parts of the catchment area of the
Czech part of the River Labe. Actually, in the catchment
areas with concentrated livestock production, the
situation deteriorated after 1990, mostly regarding water
pollution by nitrogen, phosphorus, and bacteria.
The reduction of nutrient inputs has been thus caused
primarily by the crisis in the Czech agriculture, e.g. by
the lower amount of artiﬁcial fertilizers being applied to
the soil and by the decrease in livestock levels. There is
still no strategic treaty between the Ministry of
Agriculture and Ministry of Environment concerning
the gradual reduction of nutrient inputs. The Western
part of Europe has such a treaty since 1988 as part of the
so-called Paris Commission Recommendation 88/2 on
the reduction of nutrients inputs to the Paris convention
area. The Paris Commission agreed to recommend that
contracting parties (e.g. Hamm, 1993) take effective
national steps to reduce nutrient inputs to areas to
achieve a substantial reduction in inputs of phosphorus
and nitrogen into these areas between 1985 and 1995.
The Third International conference on the protection
of the North Sea determined in 1990 that the aim of the
reduction in inputs of phosphorus and nitrogen from
rivers and atmosphere was in the order of 50%. Whereas
this aim has been fulﬁlled in Germany for phosphorus,
in the case of nitrogen this number was carried out only
to 25%. In Germany, for example, the demand for
nitrogenous fertilizers was reduced by 15% between
1990 and 1993. As for phosphorus fertilizers, the low
level of the 1950s has been achieved. The 20%-lowering
of the livestock ﬁgures in the course of these 3 yearsTable 1. Transitional measures under Directive 91/271/EEC regar
Area/agglomeration No. of agglom.
Agglomerations of 410,000 p.e. 18
Agglomerations of 410,000 p.e. 36
Agglomerations of 410,000 p.e. 127
Agglomerations of 2000–10,000 p.e. 552
Source: Conference on Accession to the European Union – Czech Republic. E
84/00), Brussels, 30 May 2001.(1990–1993) manifested in the 12%-decrease of total
level of emission of ammonium (Thoroe, Frede,
Langholz, Schumacher, & Werner, 1993). Regarding
the balance sheet of inputs of nutrients into ﬂowing
waters, it was determined in 1989 that in Germany,
agriculture is the source of 45.8% of the total emission
of nitrogen and 40.5% emission of phosphorus (Hamm,
1993). There is no such balance sheet for the develop-
ment of inputs of nutrients in a necessary quality made
in Czech part of the river basin of Labe River so far.
As for the next development of the inputs of nutrients
from agriculture into surface waters, some models
developed in the early 1990s are available. The Institute
fu¨r Hydrologie und Wasserwirtschaft der Universita¨t
Karlsruhe took a detailed look at the development of
these models (Plate, 1992). Some of them are appli-
cable for the river basin being observed by us because
of its surface (265 km2) and its mainly agricultural
character.
The aim of the article is to verify the hypothesis that
water quality in small streams in rural areas of the Czech
Republic has not improved since 1990 and in some
aspects has even become worse. This fact does not fully
correspond to the positive development in larger rivers,
where sanitation of crucial sources of pollution has been
carried out. The authors posit that the poor quality of
water in small streams is due to the low degree of
sanitation of diffuse sources of pollution from settle-
ments with less than 2000 inhabitants. Another aim of
the article is to ﬁnd out whether reduced doses of
fertilizers in agricultural soil in the 1990s have led to an
improvement of surface water quality. To verify this
hypothesis, a typical rural area with a few settlements
was chosen, where agricultural land takes up 64% of the
catchment area and forestland only 28%. The area
chosen was the Slapanka River catchment (Fig 1). The
river runs through the central part of the Ceskomor-
avska Highlands – a typical countryside where the water
quality problem is emphasized by the fact that it is an
area with a slight water deﬁcit.
The article gives an overview of water pollution
sources of the catchment, of a long-term development of
water quality, and its present state. There are also
suggestions for improvement in the present water
quality.ding urban wastewater treatment
PE (% total) Implementation
1.2 mil (11%) 31.12.2002
4.07 mil (37%) 31.12.2006
3.85 mil (35%) 31.12.2010
1.87 mil (17%) 31.12.2010
uropean Union Common Position (Replaces doc. 20771/00 CONF-CZ
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Fig. 1. Localisation of the catchment.
Fig. 2. Localisation of sampling sites: 1 – Veznice, 2 –
Veznicka, 3 – Dobroutov, 4 – Polna – Sapeli, 5 – Polna –
Jewish cemetery, 6 – Veznice u Slapanova, 7 – Dobronin–Zlaty
creek, 8 – Dobronin–Mlynsky creek, 9 – Dobronin downstr.,
10 – Slapanov, 11 – Mı´rovka.
Table 2. Boundary values of chosen parameters in Czech state no
Class I Class II
Water temp. (1C) o22 o23
Conductivity (mSm1) o40 o70
CODMn (mgL
1) o6 o9
Dissolved O2 (mgL
1) 47.5 46.5
BOD5 (mgL
1) o2 o4
N-NH4 (mgL
1) o0.3 o0.7
N-NO3 (mgL
1) o3 o6
N-NO2 (mgL
1) o0.002a o0.005a
PO4
3 Not classiﬁed Not classiﬁed
Source: Czech state norm ‘‘Water quality. Classifying of surface water quality
classiﬁed.
aValue N-NO2 given in Czech state norm before upgrade in 1998.
P. Judova´, B. Jansky´ / Limnologica 35 (2005) 160–168162Material and methods
The Slapanka River catchment was chosen because of
its anticipated high degree of water pollution. Due to the
lack of Czech Hydrometeorological Institute stations for
observation and measurement of surface water quality
during the period between 1.12.2001 and 30.1.2003, ﬁeld
monitoring was carried out. Considering the pollution
sources, 11 sampling sites were selected (Fig. 2), where
water samples were taken 12 times within the monitor-
ing period for physical and chemical determinations,
and ﬂow velocities were measured with a Universal
current meter (C31 055 OTT).
The analyses were made in the laboratory of the
Institute for Environmental Studies at the Faculty of
Science of Charles University in Prague. The following
parameters were selected to be monitored: ammonia
nitrogen (N-NH4), nitrite nitrogen (N-NO2), nitrate
nitrogen (N-NO3), phosphates (PO4
3) – anorganic
phosphorus in polyphosphates, chemical oxygen de-
mand (CODMn), biological oxygen demand (BOD5),
water acidity (pH) and conductivity. The obtained
results were assessed in accordance with Czech state
norm ‘‘Water quality. Classifying of surface water
quality’’ (CSN 75 7221).
Surface waters were ranked into 5 classes of water
quality (Table 2). It is important to acquire a
representative data ﬁle of concentrations of chosen
substances at each site over a sampling period. The
shortest possible period is 1 year and it should have at
least 11 values. A characteristic value (exceedance
probability 90%) is calculated (Table 4), which repre-
sents the entire data series. In the case where 12 values
were sampled at one site, characteristic value is
calculated as the mean of three highest values (three
lowest values by dissolved oxygen).
For water quality assessment, data were acquired
from the proﬁle of the state observing network
‘‘Mirovka’’ situated some 3 km upstream from therm (CSN 75 7221)
Class III Class IV Class V
o24 o26 X26
o110 o160 X160
o14 o20 X20
45 43 p3
o8 o15 X15
o2 o4 X4
o10 o13 X13
o0.02a o0.05a X0.05a
Not classiﬁed Not classiﬁed Not classiﬁed
’’ (CSN 75 7221) valid from 1998 – N-NO2 and PO4
3 concentration not
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Monitoring has occurred there since 1976, which
explains the robust data set sufﬁcient for the execution
of a regression analysis. Statistical evaluation of water
quality was made in accordance with Jansky´ (1983). The
concentration of the monitored substance is the
dependent variable, exceeding of the discharge (m) and
the sequence number of day in the year (Julian Date) are
the arbitrary variables. The equation is solved by means
of interval analysis (cf. Fig. 7).Fig. 3. Seasonal distribution of discharge on Mirovka proﬁle.
Source: Czech Hydrometeorological Institute Prague.
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Fig. 4. Long-term development of annual means of discharge
1956 to 2001 on Mirovka proﬁle. Source: Czech Hydrome-
teorological Institute Prague.
Table 3. Land use in the Slapanka River catchment in years
1990 and 2000
Year 1990 Year 2000
Land use category Share (%) Share (%)
Arable land 50.9 50.2
Gardens 1.2 1.3
Meadows 10.8 11.3
Pastures 1.4 1.4
Forests 27.8 27.8
Water areas 1.3 1.3
Urban areas 1.0 1.0
Other 5.6 5.7
Total 100 100
Source: Databa´ze dlouhodobe´ho vy´voje landuse Cˇeska (Database of
Long-term Landuse Development of Czechia).Surveyed catchment area
The River Slapanka runs through the central part of
the Ceskomoravska Highlands. It is a left-hand tribu-
tary of the River Sazava, ﬂowing into the River Vltava
southward from Prague. Its catchment area is
265.28 km2. The length of the stream is 33.7 km, with
slope of 5%. From the geomorphological point of view,
the catchment is hilly land. Regional geology consists of
crystalline schist, gneiss, and composite gneiss. Con-
cerning soil types in the catchment, brown forest soils
prevail, at higher altitudes there are illimerized and
under-insulated soils. The mean annual precipitation in
accordance with the data of the Czech Hydrometeor-
ological Institute in Prague is 689mm, but the pre-
cipitation total in single years ﬂuctuates (Judova´, 2003).
Low amounts of precipitation also negatively affect the
river ﬂow. The long-term mean ﬂow in the outlet section
of the River Slapanka is 1.54m3 s1. Approximately
28% of the precipitation on the catchment (quantiﬁed
by runoff coefﬁcient ¼ annual mean outﬂow/annual
mean precipitation) ﬂows through the river. This value
is comparable with the value of the catchment of the
Czech part of the River Labe. Most runoff occurs in
March (16.9%) when snowmelt dominates. The lowest
amounts are in September when total rainfalls are low
and evapotranspiration rates are high. Considering
seasonal ﬂuctuation (Fig. 3), the highest runoff is in
spring (37.4%).
Long-term development of annual means of discharge
is shown in Fig 4. The long-term trend of the discharges
demonstrates a practically regular ﬂuctuation of the
outﬂow. The low ﬂow periods were registered at the
beginning of the 70s and 80s and most signiﬁcantly at
the beginning of the 90s.
Land use is a very important characteristic for the
catchment and, consequently, for water quality. The
respective data for land use in separate cadastres
(Table 3) were obtained from the Database of Long-
term Landuse Development of Czechia (Coll., 2000).
The areas classiﬁed in the agricultural fund form 64% of
the area, from which 79% is ploughed land that
represents 50% of the total catchment area. The highpercentage of the ploughed areas at the cost of forests
and other areas is one of the causes of extreme nutrient
concentrations. The trend of land use was slightly
ARTICLE IN PRESS
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land, forest and water areas all increasing. The decrease
of ploughed-land area (0.7%) is very low in comparison
with the mean value for the whole Czech Republic –
decrease of 3.9% (Bicˇı´k, 2000).Results and discussion
Damage to the area from agriculture
Agriculture is markedly abundant in the catchment,
and this agriculture production represents a signiﬁcant
non-point source of pollution. As a result of erosion,
particulate substances are transported to rivers; also
dissolved substances pollute ﬂows due to diffuse surface
runoff and inﬁltrating water from cultivated soil
(Jansky´, 1983).
The River Slapanka catchment is located in the
central part of the Ceskomoravska Highland, which is,
due to its climate, not very suitable for agricultural
activities. In this area potato growing prevails; higher
altitudes can be characterized as mountain production
land. Frequently, maize occurs in the catchment – a
plant highly susceptible to erosion. Land areas with
unsuitable slopes, where inappropriate agricultural
methods are applied, are very often utilized, which
further results in intensive erosion. Soils in this area
have rather low production capacity, and considerable
industrial fertilizers are applied to increase production.
Data about regional fertilizers application are not
available, but the amounts were probably similar to
the trends for the entire Czech Republic (Fig. 5), where
the consumption dropped after 1989 from 250 kg per ha
of net nutrients to 95 kg per ha of net nutrients. The
downward trend of fertilizer consumption did not
markedly affect water quality in the catchment of300
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Fig. 5. Consumption of industrial fertilizers in Czech Republic
per 1 ha of farmland during the year in kg of net nutrients.
Nitrogen given as total nitrogen, phosphorus given as P207,
potassium given as K20. Source: Coll. (2004): History and
present time of agriculture by statistic.Slapanka, as well as in the whole Czech catchment of
the River Labe (Jansky´, 2002; Langhammer, 2002).
Currently, the consumption of fertilizers is higher than
the mean values in the Czech Republic. For example, the
biggest agriculture plant in the catchment area states the
consumption of fertilizers as being 110 kg per ha of net
nutrients. Nitrogenous fertilizers make up 72% of this
amount. Comparing consumption of fertilizers in the
Czech Republic and the EU shows that the Czech
consumption is distinctly lower than in other countries
of the EU. Concerning nitrogenous fertilizers, this
difference is 17%, and for phosphatic fertilizers even
50% (Pitter, 2002). The future development leads
towards increasing the consumption of fertilizers yet
again.
Animal rearing is concentrated on cattle for meat and
milk and also on pig breeding. In 2003 there were about
6000 heads of cattle and 7800 pigs registered in the
catchment. In the 80s the number of cattle was higher by
20%, and pigs by 10%. Thanks to the data collected by
former District Veterinary Administration Services we
can get a clear picture of the breeding concentration in
the catchment area. On the basis of this data a
cartogram of the potential damage to the catchment
by animal production was made. The contamination
produced by one head of cattle was recalculated to the
number of equivalent persons (population pollution
equivalent). One equivalent person produces 60 g
BOD5 per day. In the cartogram (Fig. 6) this value is
furthermore converted to the area units (ha).Fig. 6. Potential loads in the River Slapanka catchment by
animal production in year 2002. Source: Data collected by
District Veterinary Administration Services.
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production is evident in the catchments of Zhorsky,
Skrysovsky, Mlynsky, and Pozovicky Creeks. The
largest share of the animal production is in the latter
catchment. Pollution from two plants is clearly visible
even at the conﬂuence of the Pozovicky Creek and the
River Slapanka.Damage caused by humans
About 15,000 inhabitants are living in the River
Slapanka catchment. The settlement has a rural
character. There are only four communities with more
than 500 inhabitants and are occupied by 60% of the
inhabitants. The town of Polna´ is the regional centre
with approximately 5000 inhabitants. In total, wast-
water from 55% of all inhabitants of the catchment area
is cleaned on wastewater treatment plants and 74% of
population are connected on communal sewerage. The
rest of the population disposes of pre-cleaned waste-
water into sewer systems and afterwards into water-
courses, or directly into rivers. The communal pollution
thus represents an enormous problem for the water
stream, intensiﬁed by a relatively low annual mean
discharge.
The regional industry is not of great importance.
Except the town Polna, there are no registered point
pollution sources. In Polna town, there is a creamery,
with its own wastewater treatment plant, a textil and
chemical industry and a furniture plant. Wastewater
from that operations are conducted to municipal
wastewater treatment plant.Results of chemical analyses (Table 4)
Nitrogen compounds
Three main forms of nitrogen occurrence in water
were evaluated – ammonia, nitrite and nitrate nitrogen
(e.g. Brehm & Meijering, 1991).
The origin of ammonia nitrogen in the catchment of
the River Slapanka is not conclusive enough. There was
no correlation between concentrations of substances and
discharge, and that is why regarding the ammonia
nitrogen contamination obviously both municipal and
animal-production wastewater and runoff from freshly
fertilized ﬁelds would probably participate at a similar
rate. The long-term development in concentrations
ﬂuctuated markedly in the period 1976–2003. Until
1992, the concentrations varied within the 4th quality
class, and in the 3rd class after 1992. The drop is
obviously caused by a decrease in the intensity of animal
production, as well as by changes in farmland cultiva-tion. Concentration of ammonia nitrogen at the selected
river points in the catchment in the period 2001–2003
also belongs to the 3rd, or exceptionally to the 4th
quality class.
Regarding nitrate nitrogen concentrations, correla-
tion on discharge and season was shown as is evident
from the chart (Fig. 7). The direct relation of
concentration with discharge (Pearsons correlation
coefﬁcient 0.6803) shows the origin of nitrates from
diffuse sources. Fertilizer runoff from ﬁelds is most
intensive at high total precipitation and, consequently,
at highest discharges. The highest nitrate concentra-
tion in the stream is detected in the winter season and
in the early spring (January–April) when the cultivated
areas are free from vegetation, and erosion, and
intensive runoff of nitrates from the catchment
occurs. Similar results were published for example by
De Wit and Behrend (1999), Matousˇkova´ (2000),
Pivokonsky´, Benesˇova´, and Jansky´ (2001), and Scheffer
and Schachtschabel (2002).
Concentrations of nitrates at single sampling sites
achieve extremely high values – 10 out of 11 proﬁles are
classiﬁed in the 5th quality class. The highest nitrate
pollution was registered on the upper stream of the
River Slapanka that drains off intensively cultivated
farmland. The long-term monitoring at the proﬁle
Mirovka also shows high nitrate amounts. Their long-
term development does not reveal any remarkable
ﬂuctuation (Fig 8). After 1990 no substantial decrease
occurred, except in connection with the rapid reduction
of nitrate fertilizer dosage onto soil. Residues of these
substances are probably ﬂushed with high intensity into
recipients. Data on nitrates in groundwater would
improve the interpretation of nitrogen cycle. Unfortu-
nately, they are not available.
Nitrite nitrogen, as well as ammonia nitrogen, does
not show any dependency on discharge or season. At all
monitored sampling sites, except Veznicka, situated
downstream from the section with high self-puriﬁca-
tion capacity, the concentrations achieve the 5th quality
class.Phosphorus
Regarding phosphorus, indirect dependence on dis-
charge was proven (Fig. 9) which conﬁrms its origin
from point pollution sources (Jansky´, 1983). High
concentration values are consequently detected down-
stream from the larger agglomerations Veznice and
Polna. In spite of the existence of ﬁve wastewater
treatment plants in the catchment, they are not equipped
with tertiary treatment, and they are not capable of
eliminating phosphorus. Phosphorus has been mon-
itored at the proﬁle Mı´rovka since 1994. The monitored
concentrations did not vary from 1994 until 2000. At
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Table 4. Evaluation of sampling sites acc. Czech state norm CSN 75 7221 used data from sampling during the period 2001–2003
Name of point Veznice Veznicka Dobroutov Polna-Sapeli
Index Mean C90 Cl. Mean C90 Cl. Mean C90 Cl. Mean C90 Cl.
Water temp. (1C) 9.6 17.0 I 9.4 19.5 I 9.9 21.3 I 9.5 20.0 I
Conductivitya (mSm1) 32.3 42.6 II 33.5 42.7 II 27.6 38.5 I 30.1 39.1 I
PH 7.24 7.65 7.68 8.32 7.94 8.80 7.79 8.60
COD Mn (mg l1) 8.23 12.67 III 8.26 12.48 III 12.22 20.32 IV 12.37 22.37 IV
O2 (mg l
1) 8.77 5.17 III 10.20 8.63 I 9.93 7.02 I 9.68 6.94 II
BOD5 (mg l
1) 9.77 29.57 V 3.82 6.86 III 12.25 23.92 V 4.94 10.98 IV
N-NH4 (mg l
1) 0.97 1.57 IV 0.64 0.98 III 1.04 1.44 III 0.84 1.36 III
N-NO3 (mg l
1) 10.55 18.13 V 9.27 18.12 V 7.62 14.09 V 7.59 12.81 V
N-NO2 (mg l
1) 0.13 0.37 V 0.03 0.04 IV 0.06 0.12 V 0.06 0.11 V
PO4
3 (mg l1) 0.20 0.48 0.08 0.14 0.41 0.55 0.15 0.29
Name of point Polna-Jew.cem. Veznice u Slap. Dobronin-Zlaty C. Dobronin-Mlyn. C.
Water temp. (1C) 10.4 22.0 I 10.4 20.0 I 9.7 20.9 I. 9.5 20.3 I
Conductivitya (mSm1) 35.4 47.8 II 33.1 41.8 II 37.6 49.6 II 29.3 36.0 I
PH 8.00 8.67 7.62 8.18 7.90 8.43 7.90 8.92
COD Mn (mg l1) 11.85 18.88 IV 9.97 14.51 III 11.58 17.33 IV 9.89 15.63 IV
O2 (mg l
1) 9.28 5.40 III 10.05 7.49 I 9.96 7.49 I 10.28 7.43 I
BOD5 (mg l
1) 12.09 14.82 IV 7.02 16.31 V 14.2 44.77 V 5.70 14.93 IV
N-NH4 (mg l
1) 0.77 1.23 III 0.83 1.30 III 0.94 1.18 III 0.70 1.09 III
N-NO3 (mg l
1) 7.22 13.87 V 7.46 13.61 V 5.50 11.56 V 5.81 10.84 IV
N-NO2 (mg l
1) 0.06 0.13 V 0.05 0.07 V 0.05 0.08 V 0.04 0.07 V
PO4
3 (mg l1) 0.26 0.66 0.31 0.68 0.13 0.24 0.10 0.17
Name of point Dobronin downstr. Slapanov Mirovka
Water temp. (1C) 10.3 21.8 I. 9.5 20.00 I 9.2 19.0 I
Conductivitya (mSm1) 38.1 51.1 II 34.2 45.30 II 33.1 43.2 II
PH 7.91 8.79 7.84 8.64 7.89 8.60
COD Mn (mg l1) 10.72 16.37 IV 9.77 14.00 III 9.52 13.79 III
O2 (mg l
1) 9.50 6.93 II 10.08 7.20 I 10.15 7.71 I
BOD5 (mg l
1) 5.51 11.56 IV 4.22 10.81 IV 4.04 7.05 III
N-NH4 (mg l
1) 0.92 1.29 III 0.77 1.10 III 0.77 1.16 III
N-NO3 (mg l
1) 5.31 14.09 V 6.86 12.92 V 6.60 12.17 V
N-NO2 (mg l
1) 0.05 0.08 V 0.05 0.07 V 0.04 0.18 V
PO4
3 (mg l1) 0.16 0.30 0.19 0.38 0.20 0.42
Mean ¼ mean values gained from 12 absolute values of concentrations, C90 (exceedance probability 90%) ¼ mean of 3 highest absolute values of
concentrations, Cl. ¼ 1th–5th quality class according to Czech state norm CSN 75 7221 (see Table 2).
aConductivity with reference temperature 20 1C.
P. Judova´, B. Jansky´ / Limnologica 35 (2005) 160–168166present, a slight decrease has occurred, probably due to
the increasing trend of applying phosphate-free washing
agents.Organic substances
The amount of organic substances is indicated by
BOD5 and CODMn. The CODMn values ﬂuctuate
between the 3rd and 4th quality class. The BOD5 values
indicate signiﬁcant differences between single sampling
sites. At the proﬁle Veznicka, mentioned in connection
with nitrites, the value of BOD5 is the lowest due to theextreme self-puriﬁcation capacity of the stream. Simi-
larly, the section upstream from the proﬁle Mirovka has
high self-puriﬁcation capacity, and here the 3rd quality
class was also achieved. The self-puriﬁcation effect
upstream from the Mirovka proﬁle that is ranked in
the state-observing network, is indicated by several
parameters. This fact can slightly distort the publics
view of water quality within the whole catchment. In
long-term development, BOD5 (Fig. 10) ﬂuctuates in its
mean values between 4 and 20mg l1. Considerable
peak values were indicated in 1985 that could be caused
by some extreme condition. Since 1995 the BOD5 values
have been slightly decreasing.
ARTICLE IN PRESS
P. Judova´, B. Jansky´ / Limnologica 35 (2005) 160–168 167Conclusion
The Slapanka River catchment area represents a river
basin with remarkably contaminated surface water. The
water quality is not getting worse anymore, but it still
remains low within the whole catchment. We can specify
the following parameters as being critical – nitrite and
nitrate nitrogen, plus numerous organic substances.Fig. 7. Correlation between N-NO3 concentrations, frequency
of discharges and season at proﬁle Mı´rovka in the years
1976–2003, measured by public monitoring network. Concen-
trations of N-NO3 and discharge were measured every month
during the period 1976-2003. ‘‘m – exeeded dischar-
ge’’ ¼ discharge achieved or exceeded m-days per year
(m ¼ 30 – discharge achieved or exceeded in 30 days per year
– it means highest discharges – high concentration of N-NO3,
m ¼ 330 – discharge achieved or exceeded in 330 days per year
– it means lowest discharges – low concentration of N-NO3),
‘‘n – sequence number of day in year (Julian Date)’’. Data
processed by the help of subrange analysis. Sources: Czech
Hydrometeorological Institute Prague, Judova´ (2003).
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Institute Prague.Runoff from cultivated farmlands and wastewater from
separate residences without corresponding sanitation
represent the main pollution sources. The problem of
wastewater sanitation can be solved through installation
of public sewerage systems and the implementation of
wastewater treatment plants which will be rather costly.
Especially in small communities the installation of
wastewater treatment plants is hardly legally compel-
lable. EU Directives impose wastewater sanitation at all
urban units with 2000 to 10,000 inhabitants, but the
Czech Government applied for special exception until
the year 2010. This granted exception would probably
result in stagnation of this present unfavourable
situation, or its further deterioration in many rural
Czech regions.
Another big problem is the contamination originating
from agriculture. Even though fertilizer use in Czech
Republic decreased, and is currently lower than the
average amounts in the EU, there was no correspond-
ing drop of nitrates. A further reduction of runoff of
these substances can be achieved by their proper
application which would respect both soil conditions
and the demands of agriculture. It is necessary to
implement efﬁcient anti-erosive measures. Besides the19
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Fig. 10. BOD5 values development at proﬁle Mı´rovka 1976–2003. Source: Czech Hydrometeorological Institute Prague.
P. Judova´, B. Jansky´ / Limnologica 35 (2005) 160–168168implementation of soil erosion control, this means grass
or forest planting on farmland. Formation of buffer
zones at the boundary between farmland and streams
could bring about signiﬁcant improvement as these
zones can catch a high amount of dissolved matter and
solids from farmland runoff. The prerequisite for active
implementation of these provisions is a clear ownership
structure of land and connected land management.References
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